Abstract
Introduction and Background
Robot-assisted surgery has become a burgeoning field in recent years. An interdisciplinary subject involves both robot technologies and medical intervention. Because of its potentials to improve precision, enhance dexterity, eliminate tremor, reduce complication rates, and enable novel procedures not previously achievable, robot-assisted surgery has drawn broad attentions from the robotics research community and the medical world over the past decade. One successful implementation of robot-assisted surgery is the DAVINCI surgical system of Intuitive Surgical. It utilizes a tele-operation control mode with a master controlled by the surgeon and a slave surgical assistant operating on the patient. Despite its capability of performing abdominal procedures, the DAVINCI system is too bulky, and lacks the precision and dexterity required for delicate applications that require higher accuracy. Therefore, researchers are actively developing Robot-assisted surgery presents many challenges, out of which nonlinear manipulation, high-precision dexterous operation, distal tool dexterity, insertion depth perception and contact force feedback are major concerns. Researchers have started to investigate some of these aforementioned concerns by developing robotic assistants, but a comprehensive robotic system that is capable of assisting general surgical procedures for eyes, heart and addressing existing surgical challenges is still missing. Besides, there are also many interesting robotics-related theoretical problems to be investigated under the light of surgery, e.g., multi-arm manipulation, robot performance evaluation, high-precision robot design, force sensing implementation, etc., Figure 2 shows the application of robotic manipulators in medical industries [4] [5] [6] .
Figure 2. The Application of Robotic Manipulator in Medical Industries
Robot manipulators are set of links which connected by joints, they are multi input and multi output (MIMO), nonlinear, time variant, uncertain dynamic systems and are developed either to replace human work in many fields such as medical. Complexities of the tasks caused to design mechanical architectures and robot manipulator with nonlinear behavior. These factors are:
Surgical Robot Manipulator
System or plant is a set of components which work together to follow a certain objective. Based on above definition, in this research surgical robot manipulator is system. A robot is a machine which can be programmed to do a range of tasks. They have five fundamental components; brain, body, actuator, sensors and power source supply. A brain controls the robot's actions to best response to desired and actual inputs. A robot body is physical chasses which can use to holds all parts together. Actuators permit the robot to move based on electrical part (e.g., motors) and mechanical part (e.g., hydraulic piston). Sensors give robot information about its internal and external part of robot environment and power source supply is used to supply all parts of robot. Robot is divided into three main groups: robot manipulator, mobile robot and hybrid robot.
Robot manipulator is a collection of links which connect to each other by joints. Each joint provides one or more Degrees Of Freedom (DOF). The fixed link in this system is called the base, while the last link whose motion is prescribed and used to interact with the environment is called the end-effector [1] . Robot manipulator is divided into two main groups, serial links robot manipulator and parallel links robot manipulators. Figures 3 and  4 shows serial links surgical robot manipulator. Before the introduction and difference between of parallel and serial robot manipulators, some definitions are needed:
Figure 3. Type of Surgical Robotic Manipulator
 Degree of Freedom (DOF): in mechanics, the DOF of a mechanical system the direction of movements that define its configuration [1] [2] . This item is related to the number of joints and the type of each joint.  Link: is the individual body that makes up a device, and could be either without actuator (static) or actuator (dynamic).  Joint: corresponds to the connection between two links providing the required physical constraints on the relative motion between these two links. Most of joints is divided into three types; revolute joints that have one angular DOF, prismatic joints which included one translate DOF and spherical joints that consisting of three DOF.
In serial or open-chain links robot manipulator, links and joints are serially connected between base and final frame (end-effector). Parallel or closed-chain robot manipulators have at least two direction between base frame and end-effector. Serial link robot manipulators having good operating characteristics such as large workspace and high flexibility but they have disadvantages of low precision, low stiffness and low power operated at low speed to avoid excessive vibration and deflection. However the advantages of parallel robot manipulator are large strength-to-weight ratio due to higher structural rigidity, stiffness and payload they have disadvantage such as small workspace. Study of robot manipulators is classified into two main subjects: kinematics and dynamics.
Figure 4. Endoscopic Tools Robotic Manipulator
System Kinematics: The study between rigid bodies and end-effector without any forces is called Robot manipulator Kinematics. Study of this part is very important to design controller and in practical applications. The study of motion without regard to the forces (manipulator kinematics) is divided into two main subjects: forward and inverse kinematics. Forward kinematics is a transformation matrix to calculate the relationship between position and orientation (pose) of task (end-effector) frame and joint variables. This part is very important to calculate the position and/or orientation error to calculate the controller's qualify. Forward kinematics matrix is a 4 × 4 matrix which 9 cells are show the orientation of end-effector, 3 cells show the position of end-effector and 4 cells are fix scaling factors. Inverse kinematics is a type of transformation functions that can used to find possible joints variable (displacements and/or angles) when all position and orientation (pose) of task be clear [3] . Figure 5 shows the application of forward and inverse kinematics.
Figure 5. The Application of Forward and Inverse Kinematics
In this research to forward kinematics is used to system modeling. The main target in forward kinematics is calculating the following function: 
N
The third step to compute Forward kinematics for robot manipulator is finding the frame attachment matrix. The rotation matrix from{ } to { −1 } is given by the following equation;
Where ( ) is given by the following equation [3] ;
and ( ) is given by the following equation [3] ;
The transformation 0 (frame attachment) matrix is compute as the following formulation;
The forth step is calculate the forward kinematics by the following formulation [3]
Based on above formulation the final formulation for 4-DOF surgical robot manipulator is; Table 2 shows the 4-DOF surgical robot manipulator Denavit-Hartenberg notations.
Table 2. 4-DOF Surgical Robot Manipulator D-H Notations
Based on frame attachment matrix the position and orientation (pose) matrix compute as bellows; 
This part focuses on modeling robot kinematics. To modeling system kinematics using MATLAB/SIMULINK following steps are introduced:  An Embedded MATLAB™ Function block lets you compose a MATLAB function within a Simulink model like the following example ( Figure 6 ):
Figure 6. Embedded MATLAB Function
 This capability is useful for coding algorithms that are better stated in the textual language of the MATLAB software than in the graphical language of the Simulink product. This block works with a subset of the MATLAB language called the Embedded MATLAB subset, which provides optimizations for generating efficient, production-quality C code for embedded applications. Figure  7 shows the Kinematics Embedded MATLAB function.
Figure 7. Kinematics Embedded MATLAB Function
System's Dynamic: A dynamic function is the study of motion with regard to the forces. Dynamic modeling of surgical robot manipulators is used to illustrate the behavior of robot manipulator (e.g., nonlinear dynamic behavior), design of nonlinear conventional controller and for simulation. It is used to analyses the relationship between dynamic functions output (e.g., joint motion, velocity, and accelerations) to input source of dynamic functions (e.g., force/torque or current/voltage). Dynamic functions is also used to explain the some dynamic parameter's effect (e.g., inertial matrix, Coriolios, Centrifugal, and some other parameters) to system's behavior [3] .
The equation of multi degrees of freedom (DOF) surgical robot manipulator dynamics is considered by the following equation [7] :
Where τ is actuator's torque and is × 1 vector, A (q) is positive define inertia and is × symmetric matrix based on the following formulation;
( ,̇) is the vector of nonlinearity term, and q is × 1 joints variables. If all joints are revolute, the joint variables are angle ( ) and if these joints are translated, the joint variables are translating position( ). The nonlinearity term of robot manipulator is derived as three main parts; Coriolis ( ), Centrifugal ( ), and Gravity ( ). Consequently the robot manipulator dynamic equation can also be written as [8] : 
In the dynamic formulation of robot manipulator the inputs are torques matrix and the outputs are actual joint variables,
The Coriolis matrix ( ) is a × ( −1) 2 matrix which calculated as follows;
The Centrifugal matrix (C) is a × matrix;
The Gravity vector (G) is a × 1 vector; 
Figure 8. Kinetics Energy in MATLAB/SIMULINK
The Corilios ( ) matrix elements are;
Where, According to [8] Centrifugal ( ) matrix elements are;
Where,
= − . = − ( ) ( + ) − ( + ) ( + ) + ( ) ( + ) − ( + ) ( + ) − ( ) ( + ) − ( + ) ( + ) − ( − ( + ) ( + )) − . ( − ( + ) ( + ))
(59) Figure 11 and 12 show the Centrifugal Embedded MATLAB function. 
Figure 12. [ ( ).̇] Embedded MATLAB Function
Gravity ( ) Matrix elements are [8] ;
Where, Figure 13 shows the Gravity Embedded MATLAB function.
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is presented as follows;
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Basic information about inertial and gravitational constants is show in Tables 3 and 4   Table 3 
Design and Modeling PID Control Technique for Surgical Robot
Linear control theory is used in linear and nonlinear systems. This type of theory is used in industries, because design of this type of controller is simple than nonlinear controller. However this type of controller used in many applications but it cannot guarantee performance in complex systems. Simple linear controllers are including:
Proportional (P) Control:
It is used to responds immediately to difference of control input variables by immediately changing its influences variables, but this type of control is unable to eliminate the control input difference. Figure 16 shows the block diagram of proportional controller with application to serial links robot manipulator. The Derivative component in this type of methodology is used to cancel outs the change process variables change in presence of quick change in controllers input. Figure  17 shows the block diagram of Proportional-Derivative (PD) control of robot manipulator. According to above graphs, PID controller has very many fluctuations in presence of external disturbance. After applied uncertainties the force amplitude in PID is increased which will lead to high-energy consumption.
Tracking Error: in this part, tracking steady state error for all joints is compared. Figure 32 shows the steady state error in presence of uncertainties. According to this Figure, however PID controller is used in many applications but it has steady error PID in presence of uncertainty especially for first, third and forth joints. In the following graph PID controller has irregular fluctuations. 
Conclusion
Refer to this research; the Four-axis Virtual Robot arm (FVR) in MATLAB/SIMULINK is modeled based computer program, which can be used to simulate the functions of a real robotic manipulator in terms of design parameters, movement and control. In this research, after extract the dynamic and kinematics formulations, these formulations are model and implemented by MATLAB/SIMULINK for graduate/undergraduate student. To test this system's modeling which is a type of surgical robots, PID controller is candidate. This type of controller is design and after then model in MATLAB/SIMULINK. This controller is test under different situation. This research is a studying paper and used for graduate/undergraduate student as a perfect reference. He has published more than 80 technical papers related to control and system engineering, including several co-authored papers with Mr. Piltan. He has been invited to present his research at numerous national and international conferences. He has supervised many graduate students at doctoral and masters level. He is an outstanding scientist in the field of MicroElectronics.
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